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(54) HEAD POSITIONING 
CONTROL METHOD 

(57) Abstract 

PROBLEM TO BE SOLVED: To 
obtain a head positioning control 
method which achieves higher 
positioning accuracy by performing 
a computation of a force estimation 
observer derived from a model of 
friction force using information 
pertaining to a head position and a 
head drive signal to enable 
compensation for the friction force. 

SOLUTION: This magnetic disc 
device detects information 
pertaining to the position of a head 
2 from a servo position recorded on 
a disc 1 and outputs the information 
to a compensation signal generation 
means 34 as position error signal 21. 
The compensation signal generation 
means 34 is constituted of a 
positioning compensator 1 6 and a 
friction estimating device 1 5 and the 
like to perform a computation of a 
force estimation observer derived 
from a model of a friction force 
using the position error signal 21 
and a head drive signal. An 
operation signal 31 obtained by the 
computation is outputted to a drive 
circuit 5 and the head 2 is driven 
through a voice coil motor 4 to be 
positioned at a specified point. The 
compensation for the friction force 
is accomplished by this method 
thereby compensating for a drop in 
the low pass gain attributed to the 
viscoelasticity of friction. 
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1 

Ummi] =r4 *^tcft 6frbto8BfibTftS<ftB« 
W.1?%, FtJ; t) BfffftB i: husB^ •> KfflffiBtcgl 
"f £teBIII^f§-' 5 f £t&tBU tfetb^n*:Buf3ffiB^fl 
^*{ftBifeto*i«¥aK: A^ bTtftBifetoffi«©fcto© 

tmsm£m^\z*i{sxju si*?* )is*m&*ft5 z 

t lz «fc t) ^tofcfa^ ffifflgg 2 fflff^ C *f b T D X 
7 -f ; i/ * ill gt £ ff -5 c i: lz «t t) # to it { m ^ £ M W f 5 c 
ttJ;^^ MftB&to««©*Jg;tr£MSir£)?Jgy7 

{csnst-a-ht «t HusB^2©fi^*Sfi!c-rscii 

[«#3i2] H#JH1C*5V^ MsB^y KffiB&to* 

icttmirztKDttmm®., Kffii&as©«s£:;fcfcfcflt 

t4^-^>bi:bT, iffl8B<ftBSll£«^£ffir8BJfc0».l«* 

JcA^bT^tofctB^fB^h. ituiBSS2©fB^£#JfBit 

-f;i/^tAAbt5)<«)feflt*j!raSt5CJ:ia t> ^-y 
hMftB&to#SM8©P§sffi?;£f*fi««^£;£to, BuaB*^y7ffi 

2fflfi-^^*fiSc-rs^-y MftBifttoSiffl/J&o 
[IB5)<JP,3 ] :r-f X^tft^frbtofE^bTftStftBtil 

{&BSR£«**tfttBU SJHB»ffl*nfc(SB»*«^* 
ffiB&toffifi^lBCA^ bTffiBifetoffiB©fctofflfi 1 
©«^££fSU hOIB^ 1 ©fl^icS-^V^T-N-y MftB 

2©fH^-«c ioT^-y K # busES If t£B^i&;**x£>J; 

F&Bifetof&JiiP^sS^&^T, ituaBte 

amns^t m ** b t a 4 >\ x ? ^ >i>t> mm- £ ft o Z £ fc 
mn*fto ztiz£*)mfzm-%*tim-rz>ztiz&om 

fa^£mfE3l 1 ©fi-^tfllffl-S C i: t «t 0 35 2 fflfi^ 
4£fiSU B5IBteBSI^fi^^t,^2ffl^-y h-teBtfc® 
«f©Jgfg;fr*ilf{a^£*to, ffiSBgB2®J*Mrtrtift{§ 
^iffJSaSfiSLfcflS 2 fflfS^C&Df??- 5 C K> tH 2 

©fl^4ffijE1-SClh*^«a(i:-rs---y HffiBSfetoSJffl 

4 j ifsfcJM 3 iztzmcommtimmm^ti^ -y k 

ffiB*»«IB<0«a«ST?»^-r **k36« D fcH 
« T S <§ ^ T* ft S ffi B tfc to fH ffffl £ ffi o 
[ If* JS 5 ] j 7. >7 \Z ft t> A> b tofBSfe b T ft 3 <4B« 
h s ^ -y H t J; t> 1H <ftB t ^ v V ©fitBic H.-f 5 
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2 

{uBiaMfl^^^ttib, Wffilftttl^ti&iaBKSSii^* 
{uBtfetoffift^KtcAy7bTfiBfttoffitS©feto©^ 1 
®{§^££/S;b, H?aB« 1 ©fs^tc^-i^T-vy MSB 
^to#tg*|g«j-r«»fcto©^2©fH^*a£^b. fiuSB* 
2©fi^t«toT^y K* s SuaB@^<itB^^l!j$tLS<t 
5fc$iJ»-r3^-y H(4B^toM»^at:*5VST. S5IBffi 
B^Hfl-^t^bTyN-f 7^7^f ;i/^«S4ff d rtt 

^*fT a - t iz «t ») »fcfi^*lraKfr * d i: t: i <o % 1 
®^'y h-ffiB«»*i«©*J«*»«fi^*#», auSBfl 
^^mlfBm lfflfa-^i-SO^^SC fctcfc t) ffi 2©f§-^^ 
3£fi£b. BiitBfitBm^fl^^B^b-r^^tLS^Jgfl^ 
^?,^2©^>y KfiI$i6iiCD«I^mi^^$ 

to, mmm2(Dmmt>wmm^zmm£.m£titzm2cD 
m^\zimwirzzbizs.t)m2<Dm^*ffijE-r2>z£* 

<®m.£1rZ^y KteB^tofflffl^^. 

6 ] 5 izmmom 2 ©«iaf*iifli«^4«- 

-■y Htr-f7^H, ^fefi^'y I* (ft Bi* 

a-r a ^ - d >&mt> zmm? s s> s tea* toM 

20 M^So 

<ftaPHfB^*1tmb, HulB^tB^tvfcteB^MfS^^ 
ttlftftilfatXA LTffiB»»«fl|eDfc»©jB 1 
fflfa^-^SEfiJcb, (luaB^ 1 fflfB^•^c*^V^T^•y HtftB 
*to^4|gii;t-Sfeto©m2©fa^ ; fe*fdcb, gJSB» 
2©fi-^{c i-otAy KASmllBaifteB'N^B&^tLS.t 
a CfBJffll-rs-^-y K(ftB?*toSiJ»^Sfc:*5V^-r, fiusEfe 
B K ^ « ^ M b T ^ -f n x y 4 ) v 9 m M * ft *> Z £ iz 
30 X K>mtzm^£. % 2 0i§CitUTD-^7^ 

m&*ft 5 z £.£.&*) ftitm^*ijam-rzz tizz y>n 
i®^-y i«tctBi*»#«fflai**M««^**», mm 
m^zmmm 1 o«*t aui-r* c fc c j; d s 2 ©fi^ 

^SfiEb, f5gBffifi^<l^i:(ftfi^ll{I^4B^bT 
W c.ttSiilJgfa^-^^^2©^^ K{ftBifetoK5M?f©JMg 
73liftfB^*s)?to. fuI3m2©^«^1fft<B^4mlSE^ 

fig^ 2 ©fg^ tirajf-r s c t iz x <o m 2 ©If* 

ffllEfSCil^^t-rS^i' FteB^tofflJffl^&o 
8 ] 11*11 7 (CIB«©^ 2 ©*}g*ffififl^ 
40 (4Bt:Jt0iJ-r*«ia*i:jSBt:Jt«l|-rstttt*»* 

(DmT-&zmmi)*m®-rz>m^T-$>2>z£z&mt-r 

SffiBzfctofflfP^rio 

[ IlsRlM 9 ] -f * 7 ft *> b toSBii b T ft S fie Btt 

*a**xfcffiB»iS«^*iaB»«&*lfll^St:A*bT 
(ftB^toffiBfflfctoffi^ 1 ©ffl^-SrSEfiEb, BuIB^ 1 © 

fi-^ t i^r ^ -y k ifta* &>mm *mm?ztzisb®m 

50 ffll^tioT^s/ K*sfl5IBen{ftB^^W^ns«t-5. 



3 

la^-r ><z 7 j mmz x. <o m ^tit^m^ t h5ibo- 
mm jimmmmzmmm i om^izmn-r^mn^m 
tfetoftjffli<ggo 

[§f*illO] 11*11 9 lc£oTs iiuaB-^'y Fffig&to 
«^©li}§*£flul3{fig|IM<i^£A;b t ITA'j Kffi 

^ * 5 /w 7 )\s*> (omw^ff o mw^m t. 

a© a* t » s ^ v f eg* »««©*jf ««^ * 
BulBSi l ©(i^c/ragfTSSPlS^iai:. fJfiBiP^^IS© 

tt5;t^»tt5^7 K<SBifeto9Jffll«B. 
[11*111 1] T-'-r X^C&e>^U»aBStL-T$)5{fig 
KfcJ: D BWffiBi:^* POttfifcH*- 

sm«Mifi^*tftw*-sffiBRisfi^«ffi3Mfti:x m 

Tfeg&»ffiff ©£»©§! 1 ©<S^£3£j£U itulBlfll 
S6 2©«^*£jarSK*«^£JS^g!*fl»*.* ftulBfg 

atcf&Jffl-ra^y HtetB*»MfPSgc*j^T, BuaBifi 

■Mjfifflt^ * Xii t b T /\ >f ^ 7 7 -f n, * ©iSH * ff 3 
«Hf#g!i:35 2 ©{1^£A7j Lt n-^* 7 n<*© 

mnziiomn^mt. bubb^w^* 7 <t ^tomm? 
ftfc«**in»-rsfli**«i:s fiuBB»ps^m*m 1© 

Kffi«*»««©»»*M««^fc U buB3<3^£ 
MSB^ lcfi-^icfiP^-rsiD^^ISi:. flulBiDUfH^i: 

©*«*»flHS^*5R»SlB 2 ©*»*M«e^afiB¥ 
St, ]KjgB^2ffl^f«^Si{ffi^4f)fBiJPgfl^{cJP^ 

A'? KtiBfttofflfliBB. 

[IS*H 1 2 ] If *« 1 1 CIB*©B 2 offMcbtfiffifl 

«<§^#^-.y hMfig&»ii«©tt§gPT-#s£-rs&#9 
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[H*J1 1 3 ] 7*--f **{;:£>£>A»b«>I3^bT$>5iSB 
Fti9B«ttlk^» HOttiCHt 
S(4HRIIfll^*»tBfS(fi«K^«^tftm*ai:. flu 

TtoBftttM«©fcto©*l©<3^4£fi&U flufBBl 

S&2©f§^*£^*eJ»fi^£Ji&¥B*fii;U buI33§ 
2©{f^£ J;oTa^ F^fluIBS^fiB'N^Ki^ttS J; 
otMtS^y K(siB3l»»J®*lfit*i>Ts Sulfite 

?gg[^figh®2 (Dim^iXf] t ITD-;U 7 -f ;i/^© 
Sg&ff -5SSt^lSi:, buIB^W ^X7-f ;i/*©«g*> 
e>f# £>tifc{S-<f ^iiulBn — ;tX7 ;i/*©»HA»£>f#£ 

wtrnttnmrzuan^mx.. mmmwm^m 1 © 

K(SlBft»«l«ffl»»*»«fB^kbv fufBJUJg* 

ffi««^*ffliffl» Koa^csnjcj-snnif^Ki:, bubb 

««^**»S»**»««^ajES^Ki:, huS3^2© 

[11*® 1 4 ] §1*11 1 3 «CIB*©^ 2 ©*}g^M«fg 
^£fi£^S§*<Mff £>ns-^ hMfiB*«)^*©B5a3^» 
^MBfa^^-y Kk5*-f 77Feg, SfcJi^y HKi&« 

{fig*A6®JfP^go 
[Hf*ifll5] 7^C$>t>*b4«)aE^bT$»5{fig 

SffiBMHft?£ttm-r«ttMMitfl*&m^j9i:. Su 
HB*a*nfcffiB»*«^*(ftB»»*«#S!CA*L 
T{fig*toffl«CDfctf)ffl^ lfflfl^^SBgb. BUlB^l 

©Mts^w^'y H<fig*K)«s*iE»-rsfcto© 

2©(itCJ;DTA» K#WBSaWlB^»»*n*«I: 
5C(!i«^# HteB8fe»WJ»«Bt:*JUT, fusB© 
B^Hf3^*A*t LtA-f/U7-f ;u^©S^*fT-5 

t> m z n tz m ^ t m hb d - a 7 7 1 ) is 9 © m n * h m e> 
titzis^^mwT^mw-^mt. mmm^^m 1 © 

l*^*M<tft^i: bs fu!B{§-*f£fu8BSI 1 ©M^tcSpg 

-rsip^^sh. BijiBJns^cm^iibTs SuiBifig 

^*»&SB2©^v I*(4Btt»«fll©*«f*M««^** 
»6*2©#**rti««^«^«i:» Bul3»2©»^ 

f]|3iP^^IS©tB^^ e.^ 2 ©fS-^^^filc-r SIKiiifi-^ 
50 MffH*t5;J:^#Sti;t5^7 H{fiB*tofl?Jfffl 



(4) 

5 

im&m 1 6 ] m&m i 5 izmmcDm 2 (Dmmtimmm 

go 

mi - 1 scorn*— otcaaa©^* 

i~i 6©o-rn^-o^s2«©^^ Kffi«««)Si»*s 
§ 0 

[0 0 0 1 ] 

[0 0 0 2 ] 20 

&s#s orn*<E#e«ig^*i*3sns. kosi 

^M«ii^:*(IV) 1 9 - 2 0) o :©itli^7V>^ ^ 

«Dy^F35i6f( 1 9 9 0 )4 3 5 - 4 3 9 ) \Z 
ffi b*»*rtt«Jto:k ^tt«tf^©£ 5 ft«6»tt*fc3E 
ttfc*«, «fitt*»««T«SSH*fiiS»i:«l*Jt* 

fc S o -5 Jfctt 4 -3 & tf> , ^ffi ifi to >h ic a (5 if 
Mfb £ cfc 5 »fiffiT fflSR b T *S & 3 « |r| fc: * !K 

[ 0 0 0 3 ] »»*S:$tr^*»f«-r S^ftttx «pBH 
±F3 - 30156-^ £: #gc7) £ o tCr-V X.^HtCfBS^ ftfc*- 
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£A*£:U ^*4-«fc(R«bT*tofc*aiS*^1f 
->^£ J: B*;&*ttflrr*2F«re 

& o 

[0 0 0 4] 

&£o 

[0 0 0 5 ] 

fetors Fi«ffi«k^^ K©ffi«fc:H|-rs««(0 
lita. *»**ifll«**«ttt. ^*K©ffiBiR* 

Huffily FB»«-^*0!ot\ ^^KSEtt««cD 

«rstttt»**©Wi:bT*»fe**^^if-yta) 
»»*fr a Chic J: f#£ft 
^#^^MM^H^ii*^^C0^T ^ ;I/4%ltb^V^^^ c t 

[0 0 0 6 ] 

icjiM^ftSo aHlHlB8Ttts iffiBSIiHi^PESN 
(H^-Hrr) t 9 0JKfflffl©a«j:SHffiMIR*fi-9PE 

bUd^-T^o ff**tifcffi«IR««*2 liiAD^M 
1 2 lci8-*oif>7y >^HB7?«ifi§4«fS 
1 6 t»9 Si £ ft So b7y^«(ff^^l/^«*lHl 
S§1 8tt, 6 £^ttTPJg-T.£ h^y* 

©a»t h 7 «y 2 2 4«tt5o £fz, 

<t y-r uyx-fiiyy? l 9 it. h 5* *«>f^;i/* 2 2 
7^82 3 4^7j -r^o 

[0 0 0 7 ] 3>bD-72 0«»^7>K24^5 
IftMfSl 6£fgfT-r£h, ffiBi*tf>S6«8Sl 6tt 
flm»fcffi«<B^2 5 4fcB:&-ra« £©ffiBifeto««« 

m 5CDmmj5miz. fctzamz & daniel "magnetic 

RECORDING" , Vol.2, McGraw-Hill© 5 3 - 8 41 
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tt{&«9j»s£cfc 6«st5t»0^ 

[0 0 0 8] Ulf «t-*»»*«*S 1 5 

*t^5*;&*i««^3 o^^^t-^o Ktjmmm^3 o 

hteM&&*ffff§-^2 5£Snl?^i 7 lz± bhm-rzz. 

nz&-?xmt>titcnmn^3 i &d aj>^-^ i 4 

tctoTKiftIllBS5t:tB**tiS. fgi&(H]g§5^^m±r 

[0009] i2©7D7^m, mi<Dmmm<D^y 
jejssi 5rt©^D^^Htt«fRi»iii*©eaiw»TiB 

c - I j + k + 



8 



2ft»«Lfc7^^i:c — HHI1] ») ©«tt-=E 
-^>h^JT\ mm\Bims (DVJ >£K a(A/V) 

A) T% Ete^3ifi4c£>(rad/s) T% <9 (r 

ad) T% tr#y Hftfr&^y K*T©EME*g*r 
(m) T% bMSB^^)^^ Kffiaffi-^ST-CDy-T > 
£Kp(V/m) T% AD£»8 1 2®y>f >£gadp(co 
unt/V)T% DA^Ml 4©^W > £gda( V/count) 

£F c 4 5t'iUtlM) 0 'sy KffiSfg-^2 1 tt'sy H 
ffiMxt b^y^iSBjEB (7>7^b) Dl#ftn|?£ 

[0 0 1 0] ft£*tttt«8<Z)ftftLA2, LA 3, L 
Bl, LB 2, LB3 , H A 2 , HA3 , HB1, HB 
2, HB 3ftllt-o^Tj&^£o CCTK 1 =gda*k 
a*kt, K 2 = K s *gadt tTZo 
[0011] 
20 [» 1 ] 



G I p(s)= 



) 



s 2 + 2 - f ■ • s + m' 



(SI) 



[0012] 



Gh p(s)=- 



[*2] 



K 1 ■ K 2 



s 2 + 2 



-k 



« • s + w' 



(S2) 



[0 0 13] ±^£»LT0iJ;ifc£;Rl «fc!> s 



3 =• 



2_ z- 1 
T z + 1 



[00151R4, »5## f,tl5, 
[0016] 



[0014] 
[»3] 



[»4 ] 



[0 0 17] 



G I P(Z)= 



Gh p(z) = 



LBl + LB2-z~ ] + LB3»z~ 2 
1-LA2 ■ r'-LA3 • z -2 

40 [« 5 3 
HBl+HB2.z" ] +HB3.z -2 



(»3) 



(S4) 



(»5) 



1 -HA2 ■ z -1 -H A3 • z -2 

[0 0 18] 4 , »5©#tt, ^cdz<0*JS«D»* t. 1[ , lj fct £ , w*6TAl:J;!)ft«Sii5, 
tfi2O§7n>^©M!:<l3n 0 fil, 82©£ [0019] 



[»6 ] 



(»6) 



[0 0 2 0] 



[»7] 

I 2 = m • « 2 — k-2«t«c - "+-^- 
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[0 0 2 1 ] k *<t c !) ttl b»«* *tt»tt A 

T'K L tz £ S (D ttfcSR* ct Vttt* *»«»tf ft 6 s 

(SWSIWjSw p tffintt £pfr£>c = 2- J- £p-o> 
p, k = J -a>p 2 lz£*)$L&)&o 
[0 0 2 2 ] >PfflmcDi%W*m2<D'7 

TSMBKRWU ffi«*tt*|«r»|*|0*fHC-3^TI*» 

[0 0 2 3 ] STEP100 (kif>7V>^ 
A) Lfcffi«»i6«*2 1 Y l(k)^6(tt«»»*l«ffl 
^2 5 V(k)^:ltST^>o 

[0 0 2 4 ] STEP101 : V ( k ) £ 1 V > 7)im<Dftjjm 

mm^3 ow(k- i )frt>mmn j %3 1 u(k)©tm* 

[0 0 2 5 ] STEP 102 : D 1 4*£J; (9§g®) 

[0 0 2 6 ] STEP103 : kt>7'J 
If 2 6Yl(k)i:^^>HB l^gl^T, HPX1 

(k)*Jn»bHPX ! (k)*»a. 

[0 0 2 7 ] STEP 104 : t*#fg*3 1 U(k)fc#W >L 

BUibts LPXi(k)^liaf iLPX(k)^f 

So 

[0 0 2 8] STEP 105 : H P X ( k ) £ L P X ( k )*SDff 

{,TKtjmmm^3 ow(k)*t# £<> 

[0 0 2 9 ] STEP 106 : Y l(k)l:HB 2**bfc3BS 
£HPX(k)fcHA2**Dfcl6**ft!j*U £*>tCH 
PX 2 (k)^^P^^^C^iC £ 0 HPX 1 (k+ 1 )*» 

[0 0 3 0] STEP 107 : Yl(k)i:HB3?:f Cfcgf 
l:HPX(k)CHA3 *fliDfce**ttiJ|-rsci:t:<t 
t>HPX2(k + 1 )^l#So 

[0 0 3 1 ] STEP 108 : U(k)tCLB 2 £ Ji U&SSJUfc: 
LPX(k)lCLA2*jRfcfclS»SinJlU ££>MLP 
X2 (k)*flP»rsc fctCct 0 L PX 1 (k+ 1 )*» 

So 

[0 0 3 2 ] STEP109 :U(k)i:LB3 
LPX(k)CLA3 4*l:fee**l)0*tSikt«t t> 
LPX 2(k+ 1 )£f#£o 

[0 0 3 3 ] W±#k1^>rU V^WAfcfcttSBStT* 
[0 0 3 4 ] #tc % ^^MWfi^woJt^SSCD^frt: 

^sw'Mjc^atKtfT-s cpuMatsD, cpu« 
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t5S»«ii©tf> Sl^@S/J«CPUt^+Mtt 

fig*§i^tB^-So «ffcHdes(Z)(E*s») ab»»*tt«i& 

[0 0 3 5 ] «±oini7;i/JyXAt»ftT 
■ ^ * 7 * d >f > ^flfPS t Ifli Ufc»^ if©«taa: 

t<DA*>*> B£T-<£>3S;i/— > r ©^^ifc^S^a-^t>T7rN 
-To ::ta*6 b S't?©H;i/— rjB«»WttttS/— ^ 

ft0«k3fcB«ffiMtcH-rs*^2 4 ##iff $ti& h £ 
B 2 -CHl*A«ft»*S3tt^»d©U* 6 X *T©«rttT 

&So ^n-en©^*sttttflDffiSiB*o.o 5, o. 

1, 0.2, 0.5, 1.0/zm h^x.T;£#)TO&o ftP 

aijsjss^-^if— ^^*^>^if— Jw>m<o= 2 • 7T • 2 o 

0 0, £ = 4 , SI8P»£©!fttt(i 0 . 2 /zm JJPMl$©*t 
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